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ABSTRACT
Based on superconformal tensor calculus in five dimensions, we construct the super-
symmetric completion of Gauss-Bonnet combination. We study the vacuum solutions with
AdS2 × S3 and AdS3 × S2 structures. We also analyze the spectrum around a maximally
supersymmetric Minkowski5.
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µνρσ . . . . . . . . . . . . . . . . . . . . . . 18
5.2 Supersymmetric Completion of Gauss-Bonnet Combination . . . . . . . . . 21
6 On-Shell Theory 21
6.1 On-Shell Poincare´ Supergravity . . . . . . . . . . . . . . . . . . . . . . . . . 22
6.2 On-Shell Gauss-Bonnet Extended Einstein-Maxwell Model . . . . . . . . . . 23
7 Vacuum Solutions and Spectrum Analysis 24
7.1 Vacuum Solutions with 2-form and 3-form Fluxes . . . . . . . . . . . . . . . 25
7.2 Vacuum Solutions Without Fluxes . . . . . . . . . . . . . . . . . . . . . . . 26
8 Conclusion and Discussions 27
A Notations and Conventions 28
B Multiplets of Five Dimensional Superconformal Gravity 29
2
1 Introduction
Higher-curvature corrections to the Einstein-Hilbert action naturally arise in the low-energy
limit of string theories and play an important role in their compactification [1, 2] where
curvature squared terms can appear in the lower dimensional effective action. In this con-
text, higher-curvature corrections take the form of an infinite series required by on-shell
supersymmetry which only works order by order. Many attempts have been carried out in
the explicit construction of supersymmetric higher-derivative terms. For instance, super-
symmetric R2 terms were studied in [3]-[11] motivated by supersymmetrizing the Lorentz
Chern-Simons term that is indispensable to the anomaly cancelation [12]. However, if the
higher-curvature terms are treated as perturbative interactions leaving the degrees of free-
dom and propagator unchanged, only the coefficient in front of RµνρσRµνρσ has a definite
meaning, since a field redefinition of the form
g′µν = gµν + aRµν + bgµνR (1.1)
can shift the coefficients in front of the RµνRµν and R
2 terms to arbitrary values [13]. On
the other hand, there are also situations where it is interesting to consider a finite number of
higher-curvature terms on the same footing as Einstein-Hilbert term, since higher-derivative
terms can improve the ultraviolet behavior of gravitational theories [21]. Among all the
quadratic curvature theories of gravity, the Gauss-Bonnet combination is singled out since
it is ghost-free, sharing the similar property with Einstein gravity. Its form is given by
e−1LGB = RµνρσRµνρσ − 4RµνRµν +R2. (1.2)
In dimensions D ≤ 6, certain types of off-shell formulation of supergravity are known in
which the higher-derivative bosonic terms can be extended to complete and independent
super-invariants with only a finite number of terms being required. Progresses on super-
symmetrizing the Gauss-Bonnet combination have been made. In four-dimensional N = 1
supergravity, supersymmetric Gauss-Bonnet term with matter coupling was constructed in
[14, 15, 16, 17, 18]; in six-dimensional chiral N = 2 supergravity, partial results on the
Gauss-Bonnet super-invariant were given in [19, 20].
In this work, we study the supersymmetric completion of Gauss-Bonnet combination
in five dimensions. We use the five-dimensional superconformal tensor calculus [22, 23]
which facilitates the construction tremendously. Since superconformal tensor calculus is an
off-shell formalism, the analysis of the higher derivative terms can be done without modi-
fying the supersymmetry transformation rules. The off-shell nature of the supersymmetric
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invariants allow us to combine different invariants to obtain more general theories.
The crucial observation in our construction of supersymmetric Gauss-Bonnet combina-
tion is that although three independent curvature squared terms enter the expression of
Gauss-Bonnet combination, such an off-shell construction might be possible with only two
independent curvature squared super-invariants. This observation is based on the fact that
the Riemann squared invariant obtained in [28] using the Dilaton Weyl multiplet contains an
ordinary kinetic term for the auxiliary vector field V ijµ . Thus the Riemann square extended
Poincare´ supergravity contains a dynamical massive auxiliary vector in its spectrum which
forms the same multiplet with the massive graviton generated by the Riemann squared
term. By counting degrees of freedom, we notice that it might always be the case (except
for the pure Ricci scalar squared invariant) that when formulated in terms of Dilaton Weyl
multiplet, the curvature squared super-invariant includes an ordinary kinetic term for the
auxiliary vector field V ijµ . Therefore, if there exist two independent curvature squared super-
invariants, a particular combination of them can be formed in which the kinetic term for
the auxiliary vector vanishes. This implies that there is no massive graviton since the mas-
sive vector and massive graviton fall into the same multiplet, suggesting that the curvature
squared terms comprise Gauss-Bonnet combination.
Based on the above observation, we start looking for another curvature squared invari-
ant constructed in terms of the Dilaton Weyl multiplet besides the known Riemann tensor
squared invariant. An obvious candidate is ĈµνρσĈµνρσ , which is the superconformal ex-
tension of the Weyl tensor squared term whose supersymmetric completion was obtained
previously in [24]1 using the StandardWeyl multiplet coupled to the vector multiplet. Utiliz-
ing superconformal tensor calculus, we supersymmetrize the square of super-covariant Weyl
tensor. We find that in addition to the Weyl tensor squared term, the bosonic action acquires
a Ricci scalar squared term arising from the square of D, which is a fundamental scalar
field in the Standard Weyl multiplet but a composite field in the Dilaton Weyl multiplet.
Equivalently, the curvature squared terms in the action take the form of CµνρσCµνρσ+
1
6R
2.
Since
CµνρσCµνρσ +
1
6R
2 = RµνρσRµνρσ − 43RµνRµν + 13R2 (1.3)
the ratio of coefficients in front of the RµνRµν and R
2 terms is -4, which is the required
value to obtain the supersymmetric completion of Gauss-Bonnet invariant by combining a
Riemann squared invariant with an appropriate coefficient.
This paper is organized as follows. In section 2, we briefly review the superconformal
1The on-shell theory of this model is derived in [25].
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multiplets of five-dimensional supergravity constructed in [23, 26, 29]. In section 3, we
review the construction of the superconformal linear multiplet action [27] and obtain a su-
perconformal action for the Yang-Mills multiplet coupled to the Dilaton Weyl multiplet.
In section 4, we fix the superconformal symmetries to obtain an off-shell Poincare´ super-
gravity and an off-shell Yang-Mills theory coupled to the Dilaton Weyl multiplet. Using
a map between the Yang-Mills multiplet and the Dilaton Weyl multiplet [28], we recon-
struct the off-shell supersymmetric Riemann squared action. In section 5, we present the
supersymmetric completion of CµνρσCµνρσ +
1
6R
2 and combine it with a supersymmetric
Riemann squared invariant to obtain the supersymmetric Gauss-Bonnet combination. In
section 6, we derive the D = 5 on-shell minimal Einstein Hilbert supergravity and on-shell
Gauss-Bonnet extended Einstein-Maxwell supergravity. In section 7, we discuss the vac-
uum solutions with AdS3 × S2 and AdS2 × S3 structures. The bosonic spectrum around
a maximally supersymmetric Minkowski5 vacuum is also analyzed. In section 8 we give
conclusion and discussions.
2 Superconformal Multiplets
In this section, we introduce the basic elements of five dimensional superconformal tensor
calculus with eight supercharges [23, 26]. In section 2.1, we present the Dilaton Weyl
multiplet adopted in our construction. In the subsequent two subsections, we briefly review
two superconformal matter multiplets of D = 5, N = 2 theory: the Yang-Mills multiplet
and the linear multiplet, which are used as compensator multiplets in the construction of
superconformal actions.
2.1 Dilaton Weyl Multiplet
In [26], it was established that there exist two different Weyl multiplets for N = 2 confor-
mal supergravity in five dimensions: the Standard Weyl multiplet and the Dilaton Weyl
multiplet. These two multiplets have the same contents of gauge fields but different matter
fields. However, the matter fields of the Standard multiplet can be built from the funda-
mental fields in the Dilation Weyl multiplet as composite fields. The gauge sector of the
Dilaton Weyl multiplet consists of a fu¨nfbein eµ
a, a gravitino, ψµ
i, the dilatation gauge field
bµ, and the SU(2) gauge field V
ij
µ . Since these gauge fields account for 21(bosonic) +24
(fermionic) degrees of freedom, they cannot form a super-multiplet. Therefore, matter fields
are needed to comprise a superconformal Weyl multiplet. For the Dilaton Weyl multiplet,
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the matter sector consists of a physical vector Cµ, an antisymmetric two-form gauge field
Bµν , a dilaton field σ and a dilatino ψ
i. The Q, S and K transformation rules for the
Dilaton Weyl Multipet are given by [26]
δeµ
a = 12 ǫ¯γ
aψµ ,
δψiµ = (∂µ +
1
2bµ +
1
4ωµ
abγab)ǫ
i − V ijµ ǫj + iγ · Tγµǫi − iγµηi ,
δVµ
ij = −32 iǫ¯(iφj)µ + 4ǫ¯(iγµχj) + iǫ¯(iγ · Tψj)µ + 32 iη¯(iψj)µ ,
δCµ = −12 iσǫ¯ψµ + 12 ǫ¯γµψ,
δBµν =
1
2σ
2ǫ¯γ[µψν] +
1
2 iσǫ¯γµνψ + C[µδ(ǫ)Cν],
δψi = −14γ · Ĝǫi − 12 i /Dσǫi + σγ · Tǫi − 14 iσ−1ǫjψ¯iψj + σηi ,
δσ = 12 iǫ¯ψ ,
δbµ =
1
2 iǫ¯φµ − 2ǫ¯γµχ+ 12 iη¯ψµ + 2ΛKµ , (2.1)
where
Dµ σ = (∂µ − bµ)σ − 12 iψ¯µψ ,
Dµψi = (∂µ − 32bµ + 14 ωµabγab)ψi − V ijµ ψj + 14γ · Ĝψiµ
+12 i /Dσψ
i
µ +
1
4 iσ
−1ψµj ψ¯iψj − σγ · Tψiµ − σφiµ , (2.2)
and the supercovariant curvatures are defined according to
Ĝµν = Gµν − ψ¯[µγν]ψ + 12 iσψ¯[µψν],
Ĥµνρ = Hµνρ − 34σ2ψ¯[µγνψρ] − 32 iσψ¯[µγνρ]ψ, (2.3)
In above expressions, Gµν = 2∂[µCν] and Hµνρ = 3∂[µBνρ] +
3
2C[µGνρ]. Note that Ĝµν and
Ĥµνρ are invariant under following gauge transformations
δCµ = ∂µΛ , δBµν = 2∂[µΛν] − 12ΛGµν . (2.4)
The definitions of spin connection ωµ
ab and the S-supersymmetry gauge field φiµ are given
in [26]
ωµ
ab = 2eν[a∂[µeν]
b] − eν[aeb]σeµc∂νeσc + 2eµ[abb] + 12 ψ¯[aγb]ψµ + 14 ψ¯aγµψb,
φiµ =
1
3 iγ
aR̂
′
µa
i(Q)− 124 iγµγabR̂
′
ab
i(Q), (2.5)
where R̂iµν(Q), the supercovariant curvature of gravitino is defines as [26]
R̂iµν(Q) = R̂
′
µν
i(Q)− 2iγ[µφiν] ,
R̂′µνi(Q) = 2∂[µψ
i
ν] +
1
2
ω[µ
abγabψ
i
ν] + b[µψ
i
ν] − 2V ij[µ ψν]j + 2iγ · Tγ[µψiν]. (2.6)
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For future reference, we also give the supercovariant curvature of ωµ
ab and V ijµ [26]
R̂µν
ab(M) = 2∂[µων]
ab + 2ω[µ
acων]c
b + 8f[µ
[aeν]
b] + iψ¯[µγ
abψν] + iψ¯[µγ
[aγ · Tγb]ψν]
+ψ¯[µγ
[aR̂ν]
b](Q) + 12 ψ¯[µγν]R̂
ab(Q)− 8ψ¯[µeν][aγb]χ+ iφ¯[µγabψν],
R̂µν
ij(V ) = 2∂[µVν]
ij − 2V[µk(iVν] kj)−3iφ¯(i[µψ
j)
ν] − 8ψ¯
(i
[µγν]χ
j) − iψ¯(i[µγ · Tψ
j)
ν] . (2.7)
The Q- and S- transformations of the field strengths Ĝµν and Ĥabc are presented in [26]
δĜµν = −12 iσǫ¯R̂µν(Q)− ǫ¯γ[µDν]ψ + iǫ¯γ[µγ · Tγν]ψ + iη¯γµνψ ,
δĤabc = −34σ2ǫ¯γ[aR̂bc](Q) + 32 iǫ¯γ[abDc]ψ + 32 iǫ¯γ[abψDc]σ
−32σǫ¯γ[aγ · Tγbc]ψ − 32 ǫ¯γ[aĜbc]ψ − 32ση¯γabcψ . (2.8)
The expressions for the composite fields Tab, χ
i and D are given as follows [26]
Tab =
1
8σ
−2
(
σĜab +
1
6ǫabcdeĤ
cde + 14 iψ¯γabψ
)
,
χi = 18 iσ
−1 /Dψi + 116 iσ−2 /Dσψi − 132σ−2γ · Ĝψi + 14σ−1γ · Tψi
+ 132 iσ
−3ψjψ¯iψj ,
D = 14σ
−1
✷
cσ + 18σ
−2(Daσ)(Daσ)− 116σ−2ĜµνĜµν
−18σ−2ψ¯ /Dψ − 164σ−4ψ¯iψjψ¯iψj − 4iσ−1ψχ
+
(
− 263 Tab + 2σ−1Ĝab + 14 iσ−2ψ¯γabψ
)
T ab , (2.9)
where the superconformal d’Alambertian for σ is given by
✷
cσ = (∂a − 2ba + ωbba)Daσ − 12 iψ¯aDaψ − 2σψ¯aγaχ
+12 ψ¯aγ
aγ · Tψ + 12 φ¯aγaψ + 2faaσ,
faµ = −16Rµa + 148eµaR, Rµν ≡ R̂′ abµρ (M)ebρeνa, R ≡ Rµµ. (2.10)
The notation R̂′(M) indicates that we have omitted the fµa term in R̂(M). It was es-
tablished in [26] that one can also construct another Weyl multiplet, the Standard Weyl
multiplet if considering Tab,D and χ
i as fundamental fields instead as a matter sector in
addition to the gauge sector of the Weyl multiplet. Therefore, the composite expressions
of these fields establish a map from the Dilaton Weyl multiplet to the Standard Weyl mul-
tiplet. We refer to [26, 27] for readers interested in the derivation of this map and the
five-dimensional Weyl multiplets in superconformal theory. For later convenience, we also
present the Q- and S- transformations of the composite fields [26]
δTab =
1
2 iǫ¯γabχ− 332 iǫ¯R̂ab(Q) ,
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δχi = 14ǫ
iD − 164γ · R̂ij(V )ǫj + 18 iγab /DTabǫi − 18 iγaDbTabǫi
−14γabcdTabTcdǫi + 16T 2ǫi + 14γ · Tηi ,
δD = ǫ¯ /Dχ− 53 iǫ¯γ · Tχ− iη¯χ , (2.11)
where the supercovariant derivatives of the composite fields are
Dµχi = (∂µ − 72bµ + 14ωµabγab)χi − V ijµ χj − 14ψiµD + 164γ · R̂ij(V )ψµj
−18 iγab /DTabψiµ + 18 iγaDbTabψiµ + 14γabcdTabTcdψiµ − 16T 2ψiµ − 14γ · Tφiµ ,
DµTab = ∂µTab − bµTab − 2ωµc[aTb]c − 12 iψ¯µγabχ+ 332 iψ¯µR̂ab(Q) . (2.12)
2.2 Yang-Mills Multiplet
The off-shell non-abelian D = 5, N = 2 vector multiplet consists of 8n (bosonic) + 8n (
fermionic) degrees of freedom (where n is the dimension of the gauge group). Denoting the
Yang-Mills index by I (I = 1, · · · , n), the bosonic sector consists of vector fields AIµ, scalar
fields ρI and SU(2)-triplet auxiliary fields Y ij I = Y (ij) I . SU(2)-doublet fields λiI constitute
the fermionic sector.
In the background of the Dilaton Weyl multiplet, the Q- and S-transformations of the
fields in the vector multiplet are given by [29]
δAIµ = −12 iρI ǫ¯ψµ + 12 ǫ¯γµλI ,
δY ij I = −12 ǫ¯(i /Dλj)I + 12 iǫ¯(iγ · Tλj)I − 4iρI ǫ¯(iχj) + 12 iη¯(iλj)I − 12 igǫ¯(ifJKIρJλj)K ,
δλiI = −14γ · F̂ Iǫi − 12 i /DρIǫi + ρIγ · Tǫi − Y ij Iǫj + ρIηi ,
δρI = 12 iǫ¯λ
I . (2.13)
The superconformally covariant derivatives used here are
Dµ ρI = (∂µ − bµ)ρI + gfJKIAJµρK −
1
2
iψ¯µλ
I , (2.14)
DµλiI = (∂µ − 32bµ + 14 ωµabγab)λiI − V ijµ λIj + gfJKIAJµλiK
+
1
4
γ · F̂ Iψiµ + 12 i /̂DρIψiµ + Y ijIψµ j − ρIγ · Tψiµ − ρIφiµ , (2.15)
where the supercovariant Yang-Mills curvature is given as
F̂ Iµν = 2∂[µA
I
ν] + gfJK
IAJµA
K
ν − ψ¯[µγν]λI +
1
2
iρI ψ¯[µψν] . (2.16)
8
2.3 Linear Multiplet
The off-shell D = 5,N = 2 linear multiplet contains 8 (bosonic)+8 (fermionic) degrees of
freedom carried by the following fields
(Lij , Ea, N, ϕi). (2.17)
The bosonic fields are an SU(2) triplet Lij = L(ij), a constrained vector Ea and a scalar N .
The fermionic fields are given by an SU(2) doublet ϕi. In the background of the Standard
Weyl multiplet, the Q- and S- transformations of the fields in the linear multiplet are given
by [27]
δLij = iǫ¯(iϕj) ,
δϕi = −12 i /DLijǫj − 12 iγaEaǫi + 12Nǫi − γ · TLijǫj + 3Lijηj ,
δEa = −12 iǫ¯γabDbϕ− 2ǫ¯γbϕTba − 2η¯γaϕ ,
δN = 12 ǫ¯ /Dϕ+ 32 iǫ¯γ · Tϕ+ 4iǫ¯iχjLij + 32 iη¯ϕ , (2.18)
where the super-covariant derivatives are defined as
DµLij = (∂µ − 3bµ)Lij + 2Vµ(ikLj)k − iψ¯(iµϕj) ,
Dµϕi = (∂µ − 72bµ + 14ωµabγab)ϕi − V ijµ ϕj + 12 i /DLijψµ j + 12 iγaEaψiµ
−12Nψiµ + γ · TLijψµ j − 3Lijφµ j ,
DµEa = (∂µ − 4bµ)Ea + ωµabEb + 12 iψ¯µγabDbϕ+ 2ψ¯µγbϕTba + 2φ¯µγaϕ . (2.19)
The closure of the superconformal algebra requires that the following constraint must be
satisfied
DaEa = 0 . (2.20)
Thus Ea can be solved in terms of a 3-form Eµνρ as
Eµ = − 112ǫµνρσλDνEρσλ, (2.21)
where Eµνρ is invariant under the following gauge transformation
δΛEµνρ = 3∂[µΛνρ] . (2.22)
We can also express Eµ and Eµνρ in terms of a 2-form potential according to [27]
Eµ = DνEµν ,
Eµνρ = ǫµνρσλE
σλ . (2.23)
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The supersymmetry transformations of the 2-form gauge field Eµν and 3-form gauge field
Eµνρ are given in [27]
δEµν = −12 iǫ¯γµνϕ− 12 ψ¯iργµνρǫjLij − ∂ρΛ˜µνρ ,
δEµνρ = −ǫ¯γµνρϕ+ iψ¯i[µγνρ]ǫjLij . (2.24)
3 Superconformal Actions
In this section, we review the derivation of the superconformal action for the linear multiplet
[27], and construct a superconformal action for the Yang-Mills multiplet. We begin with
the following super-invariant density formula [23]
e−1LV L = Y ijLij + iλ¯ϕ− 12 ψ¯iaγaλjLij − 112ǫµνρσλAµ∂νEρσλ
+ρ(N + 12 ψ¯aγ
aϕ+ 14 iψ¯
i
aγ
abψjbLij) . (3.1)
By integration by parts, LV L can be reexpressed as
e−1LV L = Y ijLij + iλ¯ϕ− 12 ψ¯iaγaψjLij + 12FµνEµν
+ρ(N + 12 ψ¯aγ
aϕ+ 14 iψ¯
i
aγ
abψjbLij) . (3.2)
3.1 Linear Multiplet Action
In this section, we construct the vector multiplet in terms of fundamental fields of the linear
multiplet and the Dilation Weyl multiplet, and obtain an action for the linear multiplet by
using vetor-linear Lagrangian (3.2). Firstly, the scalar ρ in the vector multiplet can be
constructed from the elements of linear multiplet as follows [27]
ρ = 2L−1N + iϕ¯iϕjLijL−3, L2 = LijLij. (3.3)
Using this expression and applying a sequence of supersymmetry transformations, we obtain
the full expressions for the components of vector multiplets in terms of elements in the linear
multiplet [27]
ρ = 2L−1N + iL−3ϕ¯iϕjLij ,
λi = −2i /DϕiL−1 + (16Lijχj + 4γ · Tϕi)L−1 − 2NLijϕjL−3
+2i( /DLijLjkϕk − /ELijϕj)L−3 + 2iϕj ϕ¯iϕjL−3
−6iϕjϕ¯kϕlLklLijL−5,
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Yij = L
−1
✷
CLij −DaLk(iDaLj)mLkmL−3 −N2LijL−3 −EµEµLijL−3
+83L
−1T 2Lij + 4L−1DLij + 2EµLk(iDµLj)kL−3 − 12 iNL−3ϕ¯(iϕj)
−43L−5NLk(iLj)mϕ¯kϕm − 23L−3ϕ¯(i /Eϕj) − 13L−5Lk(iLj)mϕ¯k /Eϕm
−8iL−1χ¯(iϕj) + 16iL−3Lk(iLj)mχ¯kϕm + 2L−3Lk(iϕ¯k /Dϕj)
+2iL−3Lijϕ¯γ · Tϕ− 23L−3ϕ¯(i /DLj)kϕk − L−5LmnLk(iϕ¯m /DLj)kϕn
−16L−5Lkmϕ¯iγaϕjϕ¯kγaϕm + 112L−7LijLkmLpqϕ¯kγaϕmϕ¯pγaϕq,
F̂µν = 4D[µ(L−1Eν]) + 2L−1R̂µνij(V )Lij − 2L−3LlkD[µLkpDν]Llp
−2D[µ(L−3ϕ¯iγν]ϕjLij)− iL−1ϕ¯R̂µν(Q) . (3.4)
Substituting above composite expressions into the vector-linear Lagrangian (3.2), one ob-
tains the superconformal action for the linear multiplet [27]
e−1LL = L−1Lij✷cLij − LijDµLk(iDµLj)mLkmL−3 +N2L−1
−EµEµL−1 + 83LT 2 + 4DL− 12L−3EµνLlk∂µLkp∂νLpl
+2Eµν∂µ(L
−1Eν + V ijν LijL
−1) + fermions, (3.5)
where the complete expression for the superconformal d’Alembertian is defined as
Lij✷
cLij = Lij(∂
a − 4ba + ωbba)DaLij + 2LijVaikDaLjk + 6L2faa
−iLijψ¯aiDaϕj − 6L2ψ¯aγaχ− Lijϕ¯iγ · Tγaψja + Lijϕ¯iγaφja . (3.6)
Fermionic contribution to above action can be straightforwardly read from the formulae
given in (3.4).
3.2 Yang-Mills Multiplet Action
This subsection is devoted to construct a superconformal action describing a vector multiplet
coupled to a Dilaton Weyl multiplet. Such an action was previously obtained in [23] using
the Standard Weyl multiplet and applied in [24] to derive an off-shell Poincare´ theory.
Another use of the vector multiplet action was established in [26, 27], where the vector
multiplet action in the Standard Weyl multiplet background was used to derive the map
between the Standard Weyl multiplet and the Dilaton Weyl multiplet.
Similar to the construction of a linear multiplet action, we can use the density formula
(3.1) to obtain an action for an abelian vector multiplet coupled to a Dilaton Weyl multiplet.
Based on the action for an abelian vector multiplet, we derive the action for a Yang-Mills
multiplet coupled to the Dilaton Weyl Multiplet.
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We start from the following identification
Lij = Yij. (3.7)
This identification, however, has the wrong Weyl weight and fails to satisfy the S-invariance
of Lij (See Appendix B for the Weyl weights of the fields). The one with the right Weyl
weight and invariant under the S-transformation is given by
Lij = σYij +
1
4 iρσ
−1ψ¯(iψj) − 12 iλ¯(iψj). (3.8)
After employing a sequence of Q-and S-transformations to (3.8), we obtain the full expres-
sions for the components of linear multiplet in terms of the fields in the vector multiplet
and Dilaton Weyl multiplet
Lij = σYij +
1
4 iρσ
−1ψ¯(iψj) − 12 iλ¯(iψj),
ϕi =
1
2 iσ /Dλi + 12 iρ /Dψi + ργ · Tψi + σγ · Tλi − 8σρχi − 18γ · Ĝλi
−18γ · F̂ψi + 14 /Dσλi + 14 /Dρψi − 12Yijψj − 18 iσ−1λjψ¯iψj ,
Ea = Db(−12σF̂ ab − 12ρĜab + 8σρT ab − 18 iλ¯γabψ)− 18ǫabcdeGbcFde,
N = 12ρ✷
Cσ + 12σ✷
Cρ+ 12DaρDaσ − 14ĜabF̂ ab − 4ρσ
(
D + 263 T
2
)
+4σF̂ abTab + 4ρĜ
abTab + 8iσχ¯λ+ 8iρχ¯ψ − 14 λ¯ /Dψ − 14 ψ¯ /Dλ
+iψ¯γ · Tλ. (3.9)
Inserting above expressions into density formula (3.1), we derive an action for an abelian
vector multiplet coupled to a Dilaton Weyl multiplet. Generalization of the action for
abelian vector multiplet to that for Yang-Mills multiplet is straightforward. The result is
given by
e−1LYM = aIJ
(
σY IijY
ij J − 14σF IµνFµν J − 12ρIF JµνGµν + 8σρIF JµνT µν + 12ρIρJ✷Cσ
+12σρ
I
✷
CρJ + 12ρ
IDaρJDaσ − 4σρIρJ(D + 263 T 2) + 4ρIρJGµνT µν
−18ǫµνρσλF IµνF JρσCλ
)
+ fermions, (3.10)
where I = 1, . . . n and the complete expression of the superconformal d’Alembertian for ρI
is [29]
✷
cρI = (∂a − 2ba + ωbba)DaρI − 12 iψ¯aDaλI − 2ρI ψ¯aγaχ
+12 ψ¯aγ
aγ · TλI + 12 φ¯aγaλI + 2faaρI . (3.11)
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4 Gauge Fixing and Off-Shell Actions
In the previous section, we have obtained superconformal actions for a linear multiplet and
Yang-Mills multiplet. In this section, we fix the redundant superconformal symmetries to
obtain off-shell supersymmetric theories including a Poincare´ supergravity and Yang-Mills
coupled to the Dilaton Weyl multiplet.
As discussed in [30] for the four-dimensional case and in [24] for the five-dimensional case,
the construction of a consistent Poincare´ supergravity requires more than one compensator
multiplet if the Standard Weyl multiplet is adopted. However, if the Dilaton Weyl multiplet
is utilized, a single compensator multiplet is sufficient to construct a consistent Poincare´
supergravity. As we will present shortly, a consistent Poincare´ supergravity is obtained via
gauge fixing the superconformal linear multiplet action [27] instead of the vector multiplet
action. The latter cannot give rise to a supergravity theory due to the lacking of Einstein-
Hilbert term in the action.
In section 4.1 we present our gauge choices and the corresponding decomposition rules.
Imposing these gauge choices in the superconformal action, we obtain an off-shell Poincare´
supergravity in section 4.2. In section 4.3, we first present an off-shell action describing
Yang-Mills coupled to a Dilaton Weyl multiplet. Then, using a map between Yang-Mills
multiplet and Dilaton Weyl multiplet [28], we obtain an off-shell Riemann tensor squared
invariant. Different from [28] where the five-dimensional Riemann squared invariant is
obtained via circle reduction of the six-dimensional Riemann squared invariant, our con-
struction of the Yang-Mills action is purely based on the superconformal tensor calculus.
4.1 Gauge Fixing and Decomposition Rules
In this section, we introduce our gauge choices to fix the redundant superconformal sym-
metries in order to obtain off-shell supersymmetric theories. If we do not insist on the
canonical Einstein-Hilbert term in the action, there exists a set of gauge choices facilitating
the derivation of curvature squared invariant. These gauge choices are2
Lij =
1√
2
δijL, σ = 1, ψ
i = 0, bµ = 0. (4.1)
The first gauge choice breaks the SU(2)R down to U(1)R whereas the second one fixes
dilatations, the third one fixes special supersymmetry transformations and the last one
fixes conformal boosts. After fixing the gauge, the remaining fields are
eµ
a(10), ψiµ(32), Cµ(4), Bµν(6), ϕ
i(8), L(1), Eµνρ(4), N(1), Vµ(4), V
′ij
µ (10). (4.2)
2The canonical Einstein-Hilbert term can be obtained by using another set of gauge choices [27].
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To maintain the gauge (4.1), the compensating transformations are required including a
compensating SU(2), a compensating special supersymmetry and a compensating conformal
boost with parameters (up to cubic fermion terms)
λij = − 1√
2L
(
Sk(iδj)lǫkl
)
, Sij = ǫ¯(iϕj) − 1
2
δij ǫ¯kϕlδkl,
ηi =
(
− γ · T + 14γ · Ĝ
)
ǫi, ΛKµ = −14 iǫ¯φµ − 14 iη¯ψµ + ǫ¯γµχ. (4.3)
4.2 Off-Shell Poincare´ Theory
Imposing the gauge fixing conditions (4.1) in the linear multiplet action (3.5), one can
obtain a consistent Poincare´ supergravity whose action is given by3
e−1LLR = 12LR+ 12L−1∂µL∂µL− 14LGµνGµν − 16LHµνρHµνρ − L−1N2
+16L
−1∂[µEνρσ]∂
µEνρσ + 1
6
√
2
ǫµνρσλVµ∂νEρσλ + LV
′ij
µ V
′µ
ij
+fermions. (4.4)
Notice that we have decomposed the field V ijµ into its trace and traceless part as
V ijµ = V
′ij
µ +
1
2δ
ijVµ, V
′ij
µ δij = 0. (4.5)
The Poincare´ supergravity presented above is invariant under the following supersymmetry
transformation rules (up to cubic fermion terms)
δeµ
a = 12 ǫ¯γ
aψµ ,
δψiµ = Dµ(ω−)ǫi − 12 iĜµνγνǫi ,
δVµ
ij = 12 ǫ¯
(iγνψ̂j)µν − 16 ǫ¯(iγ · Ĥψj)µ − 14 iǫ¯(iγ · Ĝψj)µ + ∂µλij + λ
(i
kV
j)k
µ ,
δCµ = −12 iǫ¯ψµ ,
δBµν =
1
2 ǫ¯γ[µψν] +C[µδ(ǫ)Cν] ,
δL = 1√
2
iǫ¯iϕjδij ,
δϕi = − 1
2
√
2
i/∂Lδijǫj − 1√2 iV
′
µ
(i
kδ
j)kLǫj − 12 i/Eǫi + 12Nǫi + 14√2Lγ · Ĝδ
ijǫj
− 1
6
√
2
iLγ · Ĥδijǫj ,
δEµνρ = −ǫ¯γµνρϕ+ 1√2 iLψ¯
i
[µγνρ]ǫ
jδij ,
δN = 12 ǫ¯γ
µ
(
∂µ +
1
4ωµ
bcγbc
)
ϕ+ 12 ǫ¯
iγaVa ijϕ
j − 1
4
√
2
iǫ¯iγa/∂Lψjaδij
+ 1
4
√
2
iǫ¯iγaγbV ′b(i
kδj)kψ
j
a +
1
4 iǫ¯γ
a /Eψa − 14Nǫ¯γaψa + 18√2Lǫ¯
iγaγ · Ĝψjaδij
−
√
2Lǫ¯iγaφjaδij +
1
8 iǫ¯γ · Ĥϕ, (4.6)
3The action directly coming from (3.5) by imposing (4.1) is equal to−e−1LLR.
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where we have used the torsionful spin connection [28]
ωµ
ab
± = ωµ
ab ± Ĥµab , (4.7)
and the supercovariant curvatures under the gauge (4.1) are [28]
ψ̂µν = 2D[µ(ω−)ψν] + iγ
λĜλ[µψν] , (4.8)
Ĝµν = 2∂[µCν] +
1
2 iψ¯[µψν] , (4.9)
Ĥµνρ = 3∂[µBνρ] − 34 ψ¯[µγνψρ] + 32C[µGνρ] . (4.10)
4.3 Riemann Squared Action
In this section, we construct the supersymmetric Riemann squared action. To begin with,
we shall review a map between the Yang-Mills super-multiplet and a set of fields in the
Poincare´ multiplet (4.2).
In establishing the map between Yang-Mills and Poincare´ multiplets, it is important to
consider the full supersymmetry transformations, including the cubic fermion terms which
have been omitted so far. In the following, we shall need the full supersymmetry transfor-
mation rules for the fields (eµ
a, ψiµ, V
ij
µ , Cµ, Bµν). Up to cubic fermions, the transformation
rules of (eµ
a, ψiµ, V
ij
µ , Cµ, Bµν) are already given in (4.6). In this section, we will, however,
keep the complete SU(2) symmetry, i.e. we do not impose Lij = 1√
2
Lδij . In this way we
do not need to accommodate for the compensating SU(2) transformations proportional to
λij4. The full version of the supersymmetry transformations are given by [28]
δeµ
a = 12 ǫ¯γ
aψµ ,
δψiµ = Dµ(ω−)ǫ
i − 12 iĜµνγνǫi ,
δVµ
ij = 12 ǫ¯
(iγνψj)µν − 16 ǫ¯(iγ · Ĥψj)µ − 14 iǫ¯(iγ · Ĝψj)µ ,
δCµ = −12 iǫ¯ψµ ,
δBµν =
1
2 ǫ¯γ[µψν] + C[µδ(ǫ)Cν] . (4.11)
Next, we consider the following supersymmetry transformations [28]
δωµ
ab
+ = −
1
2
iĜabǫ¯ψµ − 12 ǫ¯γµψ̂ab,
δψ̂iab =
1
4γ
cdR̂cdab(ω+)ǫ
i − V̂abijǫj + 12 iγµDµ(ω+)Ĝabǫi − 14Ĝabγ · Ĝǫi,
δĜab = −1
2
iǫ¯ψ̂ab,
δV̂ab
ij = −12 ǫ¯(i /D(ω, ω−)ψ̂
j)
ab − 124 ǫ¯(iγ · Ĥψ
j)
ab − iǫ¯(iĜd[aψ̂j)b]d , (4.12)
4After we construct the action, we can still impose the gauge Lij = 1√
2
Lδ
ij . This will not affect the
Riemann squared invariant.
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where R̂abcd(ω+) denotes the super-covariant curvature of the torsionful connection ω+. In
Dµ(ω+)Ĝab, the connection ω+ rotates both the indices a and b, and in Dµ(ω, ω−)ψ̂jab the
connection ω rotates the spinor index, while the connection ω− rotates the Lorentz vector
indices. V̂µν
ij is the supercovariant curvature of V ijµ under the gauge choices (4.1)
V̂µν
ij = Vµν
ij − ψ¯(i[µγρψ̂
j)
ν]ρ +
1
6 ψ¯
(i
µ γ · Ĥψj)ν + 14 iψ¯(iµ γ · Ĝψj)ν . (4.13)
We now compare the above transformation rules with those of the D = 5, N = 2 Yang-Mills
multiplet [28]
δAIµ = −12 iρI ǫ¯ψµ + 12 ǫ¯γµλI ,
δY ij I = −12 ǫ¯(i /Dλj)I − 124 ǫ¯(iγ · Ĥλj)I − 12 igǫ¯(ifJKIρJλj)K ,
δλiI = −14
(
γ · F̂ I − ρIγ · Ĝ
)
ǫi − 12 i /DρIǫi − Y ij Iǫj ,
δρI = 12 iǫ¯λ
I , (4.14)
where F̂ Iµν and Dµ ρI can be found in (2.16) and (2.14) by imposing the gauge choices (4.1)
DµλiI = (∂µ + 14 ωµabγab)λiI − V ijµ λIj + gfJKIAJµλiK
+14
(
γ · F̂ I − ρIγ · Ĝ
)
ψiµ +
1
2 i /DρIψiµ + Y ij Iψµ j . (4.15)
We observe that the transformations (4.12) and (4.14) become identical by making the
following identifications [28]
(AIµ, Y
ij
I , λ
i
I , ρI) ←→ (ωabµ+, −V̂abij , −ψ̂iab, Ĝab). (4.16)
Setting aIJ = δIJ and imposing the gauge fixing conditions (4.1) in action (3.10), we obtain
e−1LYM|σ=1 = Y IijY ijI − 12DµρIDµρI − 14(F Iab − ρIGab)(F abI − ρIGab)
−18ǫabcde(F Iab − ρIGab)(F Icd − ρIGcd)Ce
−12ǫabcde(F Iab − ρIGab)BcdDeρI + fermions. (4.17)
Finally, using the map (4.16) in above action (4.17), we obtain the supersymmetric Riemann
squared action. Its purely bosonic part is given as
e−1LRiem2 = −14
(
Rµνab(ω+)−GµνGab
)(
Rµνab(ω+)−GµνGab
)
−12∇µ(ω+)Gab∇µ(ω+)Gab + VµνijV µνij
−18ǫµνρσλ
(
Rµνab(ω+)−GµνGab
)(
Rρσ
ab(ω+)−GρσGab
)
Cλ
−12ǫµνρσλBρσ (Rµνab(ω+)−GµνGab)∇λ(ω+)Gab + fermions . (4.18)
We notice that the actions (4.17) and (4.18) obtained via superconformal tensor calculus
match with those derived through the circle reduction of six-dimensional actions [28].
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5 Supersymmetric Gauss-Bonnet Combination
In this section, we shall construct the supersymmetric completion of the Gauss-Bonnet
combination
e−1LGB = RµνρσRµνρσ − 4RµνRµν +R2. (5.1)
According to the usual routine, one may think of constructing three independent curvature
squared super-invariants first, then combining them with proper coefficients to form a super-
symmetric Gauss-Bonnet combination. However, as we mentioned before, two independent
curvature squared invariants may be enough to obtain the supersymmetric completion of
Gauss-Bonnet combination based on counting the degrees of freedom and the cancelation of
the kinetic term for the auxiliary vector V ijµ . This section is devoted to construct another
curvature squared invariant.
We start from the conventional constraint imposed on the supercovariant curvature of
ωµ
ab [23, 26]
eνbR̂µν
ab(M) = 0, (5.2)
where R̂µν
ab(M) is defined in (2.7). The conventional constraint (5.2) implies that the
supercovariant curvature of ωµ
ab gives the Weyl Tensor, which is defined as
Cµνρσ = Rµνρσ − 13(gµρRνσ − gνρRµσ − gµσRνρ + gνσRµρ)
+ 112 (gµρgνσ − gµσgνρ)R. (5.3)
Its square is
CµνρσC
µνρσ = RµνρσR
µνρσ − 43RµνRµν + 16R2. (5.4)
In the rest of this paper, we use Ĉµνρσ to denote the superconformally covariant Weyl tensor
instead of R̂µν
ab(M). Because the off-shell supersymmetric Riemann squared invariant
is known, the Gauss-Bonnet super-invariant can be obtained by combining the Riemann
squared invariant with another curvature squared invariant in which the curvature squared
terms take the form
CµνρσC
µνρσ + 16R
2. (5.5)
Although, none of the terms in (5.5) is a supercovariant quantity, we can replace (5.5) by
the following supercovariant expression
ĈµνρσĈ
µνρσ + 5123 D
2, (5.6)
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since the composite field D (2.9) under the gauge choices (4.1) reads
D = − 132R− 116GabGab − 263 T abTab + 2T abGab + fermions. (5.7)
Therefore, if (5.6) can be supersymmetrized, we will get the desired the curvature squared
terms in (5.5). When carrying out the supersymmetrization of (5.6), we find that in fact,
the D2 term is indispensable to the supersymmetrization of the Weyl tensor squared term,
moreover, the relative coefficient between theWeyl squared term and theD2 exactly matches
with the one in (5.6), the magical 5123 . In the next section, we give the details of the
construction.
5.1 Supersymmetrization of ĈµνρσĈ
µνρσ
In this section, we first supersymmetrize the square of Weyl tensor by using (3.2) in which
the fields of linear multiplet are expressed as composites in terms of fields in Dilaton Weyl
multiplet. We notice that to obtain the Weyl tensor squared term, N should begin with
ĈµνρσĈ
µνρσ. The complete expression for N include a term 5123 D
2. After expanding D
in terms of independent fields, we find that the curvature squared terms take the form
of CµνρσCµνρσ +
1
6R
2, which is different from those in the supersymmetric completion of
ĈµνρσĈ
µνρσ considered in [24] by using Standard Weyl multiplet where D is merely an
auxiliary field. We obtain full composite expressions for the fields of linear multiplet in
terms of fields in the Dilation Weyl multiplet as
Lij = 14 i
¯ˆ
R
(i
ab(Q)Rˆ
j)ab(Q) + 2563 iχ¯
(iχj) + 163 R̂ab
ij(V )T ab,
ϕi = −18γcdR̂iab(Q)Ĉabcd − 4iγcR̂iab(Q)DaT bc + 1283 χiD
+8iγcDcR̂iab(Q)T ab + 8iγaDcR̂ibc(Q)T ab − 643 iγabγcDaTbc χi + 10249 T 2 χi
+1283 iγaDbχiT ab + 163 γabR̂icd(Q)T abT cd + 12 R̂ab ij(V )R̂jab(Q)
−83R̂ab ij(V )γabχj,
Ea =
1
16ǫabcdeC
bcfgCdefg − 112ǫabcdeV bcijV de ij
+Db
(
4CabcdT
cd − 643 DTab − 1289 TabT 2 − 5123 TacT cdTbd
)
−32ǫabcdeDb
(
2
3T
cfDfT de + T cfDdT ef
)
+ fermions,
N = 18C
abcdCabcd +
64
3 D
2 + 10249 T
2D − 163 CabcdT ab T cd − 13VabijV abij
−643 DaTbcDaT bc + 643 DbTacDaT bc − 1283 TabDbDcT ac
−1283 ǫabcdeT abT cdDfT ef + 1024T 4 − 281627 (T 2)2 + fermions. (5.8)
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where the following notations are introduced for simplicity
T 4 ≡ TabT bcTcdT da, (T 2)2 ≡ (TabT ab)2. (5.9)
Under the gauge choices (4.1) TabDbDcT ac is given by
TabDbDcT ac = Tab∇b∇cT ac + 23RbcTabT ac − 112T 2R+ fermions, (5.10)
where ∇µ only contains the usual spin connection
∇µTab = ∂µTab − 2ωµc[aTb]c. (5.11)
To obtain (5.8) we have used the Q- and S- transformations of supercovariant curvatures
which can be found in [26]. Substituting the composite expressions (5.8) into the density
formula (3.2), we obtain the following action
e−1LρR2 = 18ρCabcdCabcd + 643 ρD2 + 10249 ρT 2D − 323 DTabF ab
−163 ρCabcdT ab T cd + 2CabcdT cdF ab + 116ǫabcdeAaCbcfgCdefg
− 112ǫabcdeAaV bcijV de ij + 163 YijVabijT ab − 13ρVabijV abij + 643 ρDbTacDaT bc
−1283 ρTabDbDcT ac − 643 ρDaTbcDaT bc + 1024ρT 4 − 281627 ρ(T 2)2
−649 TabF abT 2 − 2563 TacT cdTbdF ab − 323 ǫabcdeT cfDfT deF ab
−16ǫabcdeT cfDdT efF ab − 1283 ρǫabcdeT abT cdDfT ef + fermions, (5.12)
where
Vµν
ij ≡ 2∂[µVν]ij − 2V[µk(iVν]kj). (5.13)
This action (5.12) describes the coupling between an external vector multiplet and Dilaton
Weyl multiplet. If we simply combine above action with the Riemann tensor squared in-
variant, we are not able to obtain the supersymmetric Gauss-Bonnet combination since the
curvature squared terms in (5.12) is multiplied by ρ which stays the same after imposing
the gauge choices (4.1). By comparing the superconformal transformation rules of vector
multiplet
δρ = 12 iǫ¯λ,
δAµ = −12σǫ¯ψµ + 12 ǫ¯γµλ,
δλi = −14γ · F̂ ǫi − 12 i /Dρǫi + ργ · Tǫi − Y ijǫj + ρηi,
δY ij = −12 ǫ¯(i /Dλj) + 12 iǫ¯(iγ · Tλj) − 4iρǫ¯(iχj) + 12 iη¯(iλj), (5.14)
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with those of (σ, Cµ, ψ
i) in the Dilaton Weyl multiplet
δσ = 12 iǫ¯ψ,
δCµ = −12σǫ¯ψµ + 12 ǫ¯γµψ,
δψi = −14γ · Ĝǫi − 12 i /Dσǫi + σγ · Tǫi − 14 iσ−1ǫjψ¯iψj + σηi, (5.15)
we notice that there exists a map from vector multiplet to (σ, Cµ, ψ
i)
ρ→ σ, Aa → Ca, λi → ψi, Y ij → 14 iσ−1ψ¯(iψj), (5.16)
since
δ(14 iσ
−1ψ¯(iψj)) = −12 ǫ¯(i /Dψj) + 12 iǫ¯(iγ · Tψj) − 4iσǫ¯(iχj) + 12 iη¯(iψj). (5.17)
Using (5.16), we obtain the supersymmetrization of CµνρσC
µνρσ purely based on the
fields of Dilaton Weyl multiplet
e−1LσC2 = 18σCabcdCabcd + 643 σD2 + 10249 σT 2D − 323 DTabGab
−163 σCabcdT ab T cd + 2CabcdT cdGab + 116ǫabcdeCaCbcfgCdefg
− 112ǫabcdeCaV bcijV de ij + 163 YijVabijT ab − 13σVabijV abij + 643 σDbTacDaT bc
−1283 σTabDbDcT ac − 643 σDaTbcDaT bc + 1024σ T 4 − 281627 σ(T 2)2
−649 TabGabT 2 − 2563 TacT cdTbdGab − 323 ǫabcdeT cfDfT deGab
−16ǫabcdeT cfDdT efGab − 1283 σǫabcdeT abT cdDfT ef + fermions. (5.18)
Imposing the gauge fixing conditions (4.1), we obtain
e−1LσC2 |σ=1 = 18RabcdRabcd − 16RabRab + 148R2 + 643 D2 + 10249 T 2D
−163 RabcdT ab T cd + 2RabcdT cdGab + 13RTabGab − 83RbdGcbT cd
−643 RbcTabT ac + 83RT 2 − 323 DTabGab + 116ǫabcdeCaRbcfgRdefg
− 112ǫabcdeCaV bcijV de ij − 13VabijV abij − 643 ∇aTbc∇aT bc
+643 ∇bTac∇aT bc − 1283 Tab∇b∇cT ac − 1283 ǫabcdeT abT cd∇fT ef
+1024T 4 − 281627 (T 2)2 − 649 TabGabT 2 − 2563 TacT cdTbdGab (5.19)
−323 ǫabcdeT cf∇fT deGab − 16ǫabcdeT cf∇dT efGab + fermions,
where
D ≡ − 132R− 116GabGab − 263 T abTab + 2T abGab + fermions,
Tab ≡ 18Gab + 148ǫabcdeHcde + fermions. (5.20)
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5.2 Supersymmetric Completion of Gauss-Bonnet Combination
In previous sections, we obtained the supersymmetric completion of Einstein-Hilbert, Rie-
mann tensor squared and Weyl tensor squared actions. Because of the off-shell nature
of these invariants, we can combine them to form a more general theory with two free
parameters
L = LLR + αLRiem2 + βLσC2 |σ=1 . (5.21)
The Gauss-Bonnet combination corresponds to case with β = 3α in which the kinetic term
of auxiliary vector V ijµ vanishes. Using β = 3α, the purely bosonic part of Lagrangian (5.21)
takes the form
e−1
(
LLR + αLGB
)
= 12LR+
1
2L
−1∂µL∂µL− 14LGµνGµν − 16LHµνρHµνρ − L−1N2
+16L
−1∂[µEνρσ]∂
µEνρσ + 1
6
√
2
ǫµνρσλVµ∂νEρσλ + LV
′ij
µ V
′µ
ij
+α
[
− 14
(
Rµνab(ω+)−GµνGab
)(
Rµνab(ω+)−GµνGab
)
+38RµνρσR
µνρσ − 12RµνRµν + 116R2 + 64D2
−18ǫµνρσλ
(
Rµνab(ω+)−GµνGab
)(
Rρσ
ab(ω+)−GρσGab
)
Cλ
−12ǫµνρσλBρσ
(
Rµνab(ω+)−GµνGab
)
∇λ(ω+)Gab
+ 316ǫµνρσλC
µRνρτδRσλτδ − 14ǫµνρσλCµV νρijV σλ ij
−16RµνρσT µν T ρσ + 6RµνρσGµνT ρσ +RTµνGµν − 8RµνGσµT σν
−64RµνTσµT σν + 8RT 2 − 32DTµνGµν + 10243 T 2D − 64∇µTνρ∇µT νρ
+64∇µT νρ∇νTµρ − 128Tµν∇ν∇σT µσ − 12∇µ(ω+)Gab∇µ(ω+)Gab
+3072T 4 − 28169 (T 2)2 − 643 TµνGµνT 2 − 256TµσT σρTρνGνµ
−128ǫµνρσλT µνT ρσ∇τT λτ − 32ǫµνρσλGµνT ρτ∇τT σλ
−48ǫµνρσλGµνT ρτ∇σT λτ
]
. (5.22)
We notice that the ratio of the coefficients in front of the Gauss-Bonnet combination and the
Chern-Simons coupling ǫµνρσλC
µRνρδτRσλδτ is
1
2 which is consistent with the value resulting
from the circle reduction of the partial results given in [19, 20] on the six-dimensional
supersymmetric Gauss-Bonnet combination.
6 On-Shell Theory
In this section, we study the on-shell theory of the Gauss-Bonnet extended supergravity to
first order in α upon eliminating the auxiliary fields. In section 6.1, we present the minimal
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on-shell Poincare´ supergravity by eliminating the the auxiliary fields (Eµνρ, Vµ, N, Vµ
′ij) and
truncating the matter multiplet (Bµν , L, ϕ
i). In section 6.2, we obtain the on-shell Gauss-
Bonnet extended Einstein-Maxwell supergravity to first order in α by using the equations
derived from the 2-derivative Lagrangian that is zeroth order in α.
6.1 On-Shell Poincare´ Supergravity
To eliminate the auxiliary fields (N,Pa, Vµ, Vµ
′ij), we use their equations of motion
0 = N, 0 = ǫµνρσλ∂νEρσλ, 0 = V
′ij
µ , (6.1)
0 = ∂µ(L−1∂[µEνρσ] +
1
2
√
2
ǫµνρσλV
λ) . (6.2)
Equation (6.2) implies that locally
− 1
12
L−1ǫµνρσλ∂νEρσλ +
1√
2
Vµ = ∂µφ , (6.3)
where φ is a Stueckelberg scalar. Eliminating this scalar by using the shift symmetry
transformation and using the second equation in (6.1), we obtain 5
Vµ = 0 . (6.4)
It follows that the corresponding on-shell theory is given by
e−1L′EM = 1
2
LR+
1
2
L−1∂µL∂µL− 1
4
LGµνG
µν − 1
6
LHµνρH
µνρ . (6.5)
To truncate out the matter multiplet (Bµν , L, ϕ
i), we first dualize Bµν to a vector field C˜µ
by adding the following Lagrange multiplier to (6.5)
∆L = − 1
12
ǫµνρσλBµνρG˜σλ, G˜µν ≡ 2∂[µC˜ν], (6.6)
and replacing Hµνρ by Bµνρ +
3
2C[µGνρ]. The field equations of C˜µ and Bµνρ imply that
Bµνρ = 3∂[µBνρ], H
µνρ = −1
4
L−1ǫµνρσλG˜σλ . (6.7)
Substituting (6.7) to (6.5), we obtain the on-shell ungauged Einstein-Maxwell supergravity
e−1LEM = 1
2
LR+
1
2
L−1∂µL∂µL− 1
4
LGµνG
µν − 1
8
L−1G˜µνG˜µν
+
1
8
ǫµνρσλCµGνρG˜σλ , (6.8)
5In the original Poincare´ theory (4.4) U(1)R symmetry is gauged by the auxiliary vector Vµ. However,
in the on-shell theory, the U(1)R symmetry becomes global due to the elimination of Vµ.
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where (eµ
a, ψiµ, Cµ) constitute the supergravity multiplet while (C˜µ, ϕ
i, L) comprise the
Maxwell multiplet.
Truncation of the Einstein-Maxwell theory to the minimal on-shell theory can be im-
plemented by imposing
L = 1, C˜µ = Cµ, ϕ
i = 0, (6.9)
which is consistent with the equations of motion
R = 2L−1✷L− L−2∂µL∂µL+ 12GµνGµν − 14L−2G˜µνG˜µν ,
LRµν = ∇µ∇νL− L−1∂µL∂νL+ LGµσGνσ + 12L−1G˜µσG˜νσ
−14gµνL−1G˜ρσG˜ρσ ,
0 = ∇ν(LGνµ) + 1
4
ǫµνρσλG
νρG˜σλ,
0 = ∇ν(L−1G˜νµ) + 1
4
ǫµνρσλG
νρGσλ, (6.10)
and leads to the following transformation
δeµ
a = 12 ǫ¯γ
aψµ ,
δψiµ = (∂µ +
1
4ωµ
abγab)ǫ
i + 18 i(γµ
νρ − 4δνµγρ)Gνρ,
δCµ = −12 iǫ¯ψµ. (6.11)
The resulting action coincides with the minimal on-shell supergravity in five dimensions
[35]
e−1LminEH =
1
2
R− 3
8
GµνG
µν +
1
8
ǫµνρσλCµGνρGσλ . (6.12)
The canonical kinetic term of Cµ can be recovered by a scaling Cµ → 2√6Cµ.
6.2 On-Shell Gauss-Bonnet Extended Einstein-Maxwell Model
With the Gauss-Bonnet combination added, the duality relation (6.7) and truncation con-
dition must receive corrections proportional to the powers of α, if we consider a pertubative
expansion valid when the energy scale Λ satisfies Λ2 ≪ 1/|α|. We follow the procedure of
[31]. Schematically, the off-shell action (5.22) takes the form
Soff-shell[φ] = S0[φ] + αS1[φ] . (6.13)
It follows that the auxiliary field equations (6.1) - (6.2), the field equation for Bµνρ (6.7)
as well as the truncation equation (6.9) must receive corrections proportional to α. The
solution to those equations can be expressed in terms of a series expansion in α
φ = φ0 + αφ1 + α
2φ2 + · · · , (6.14)
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where φ0 is the solution to the zeroth order equation given in previous section. As a
consequence, the on-shell action possesses the form
Son-shell[φ] = S0[φ0] + α(S1[φ0] + φ1S
′
0[φ0]) + · · · . (6.15)
In the above equation, S′0[φ0] = 0 when φ0 is an auxiliary field or a Lagrangian multi-
plier. We eliminate the auxiliary fields and Lagrangian multiplier Bµνρ by plugging their
zeroth order solutions to the action (5.22). Ultimately we derive the on-shell Gauss-Bonnet
extended Einstein-Maxwell theory6
e−1
(
LEM + αLGB
)
=
1
2
LR+
1
2
L−1∂µL∂µL− 1
4
LGµνG
µν − 1
8
L−1G˜µνG˜µν
+
1
8
ǫµνρσλCµGνρG˜σλ + α
[
3
8RµνρσR
µνρσ − 12RµνRµν + 116R2
+64D2 − 14
(
Rµνab(ω+)−GµνGab
)(
Rµνab(ω+)−GµνGab
)
−18ǫµνρσλ
(
Rµνab(ω+)−GµνGab
)(
Rρσ
ab(ω+)−GρσGab
)
Cλ
−12ǫµνρσλBρσ
(
Rµνab(ω+)−GµνGab
)
∇λ(ω+)Gab + 316ǫµνρσλCµRνρτδRσλτδ
−16RµνρσT µν T ρσ + 6RµνρσGµνT ρσ +RTµνGµν − 8RµνGσµT σν
−64RµνTσµT σν + 8RT 2 − 32DTµνGµν + 10243 T 2D − 64∇µTνρ∇µT νρ
+64∇µT νρ∇νTµρ − 128Tµν∇ν∇σT µσ − 12∇µ(ω+)Gab∇µ(ω+)Gab
+3072T 4 − 28169 (T 2)2 − 643 TµνGµνT 2 − 256TµσT σρTρνGνµ
−128ǫµνρσλT µνT ρσ∇τT λτ − 32ǫµνρσλGµνT ρτ∇τT σλ
−48ǫµνρσλGµνT ρτ∇σT λτ
]
+O(α2), (6.16)
where Tµν and ω+µ
ab are now given by
Tµν =
1
16(2Gµν + L
−1G˜µν), ω+µab = ωµab − 14L−1eµf ǫfabcdG˜cd. (6.17)
7 Vacuum Solutions and Spectrum Analysis
In this section, we investigate the vacuum solutions and spectrum to the general theory
(5.21). The results for Poincare´ supergravity extended by Gauss-Bonnet combination can
be obtained as special case when β = 3α.
6Generalization of the Gibbons-Hawking boundary term in theories with generic curvature-squared cor-
rections in the presence of a chemical potential is studied in [32].
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7.1 Vacuum Solutions with 2-form and 3-form Fluxes
We first consider solutions with AdS3 × S2 structure. To solve the equation of motion, we
make the following ansatz where Greek indices denote the coordinates on Lorentzian AdS3,
while latin indices stand for the coordinates on S2
Rµνρσ = −a(gµρgνσ − gµσgνρ), Rpqrs = b(gprgqs − gpsgqr),
L = L0, Gpq = cǫpq, Hµνρ = dǫµνρ. (7.1)
In above equation, εµνρ and εrs are the Levi-Civita tensors on AdS3 and S
2 respectively.
The full set of equations of motion are solved provided that the following equations are
satisfied
6a− 2b+ c2 − 2d2 = 0,
1
2L0(−a+ d2) +
α
2
(−a2 + b2 − 2bc2 + c4 − 4acd + 10ad2 + 4cd3 − 9d4)
+
β
6
(a2 + ab− b2 + 2bc2 − c4 + 2acd − 10ad2 − bd2 − 2cd3 + 9d4) = 0,
1
4L0(b− c2) +
α
2
(3a2 − b2 + 4bc2 − 3c4 − 4bcd+ 4c3d− 6ad2 + 3d4)
+
β
6
(−3a2 + b2 − 4bc2 + 3c4 + 4bcd− 4c3d+ 6ad2 − 3d4) = 0. (7.2)
The integrability conditions for the Killing spinor equations δǫψ
i
µ = 0 and δǫϕ
i = 0 are
(
R
µˆνˆaˆbˆ
(ω−)− 2GµˆaˆGνˆaˆ
)
γaˆbˆǫ = 0,
(
3
2Gµˆνˆ − iHµˆνˆλˆγλˆ
)
γµˆνˆǫ = 0, (7.3)
where µˆ, aˆ = 0, 1, . . . 4. Substituting the ansatz (7.1) into the integrability conditions (7.3),
we find that when
a = d2, b = c2, c = −2d, (7.4)
the integrability conditions are satisfied automatically without imposing any projection
condition on the Q transformation parameter ǫ. Therefore, this solution possesses max-
imum supersymmetry. Remarkably, this solution exists for arbitrary values of L0, α, β.
Thus it seems that the higher derivative correction will not affect the supersymmetric so-
lutions. A similar phenomenon happens in 6D chiral gauged supergravity extended by
Riemann squared invariant [33]. Next we investigate solutions with AdS2 × S3 structure.
We make similar ansatz as previous case except that Greek indices denote the coordinates
on Lorentzian AdS2, while latin indices are used for the coordinates on S
3
Rµνρσ = −b(gµρgνσ − gµσgνρ), Rpqrs = a(gprgqs − gpsgqr),
L = L0, Gµν = cǫµν , Hpqr = dǫpqr. (7.5)
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In this case, the solutions of equation of motion are determined by
6a− 2b+ c2 − 2d2 = 0,
1
2L0(a− d2) +
α
2
(−a2 + b2 − 2bc2 + c4 − 4acd + 10ad2 + 4cd3 − 9d4)
+
β
6
(a2 + ab− b2 + 2bc2 − c4 − 2acd − 10ad2 − bd2 + 2cd3 + 9d4) = 0,
1
4L0(−b+ c2) +
α
2
(3a2 − b2 + 4bc2 − 3c4 − 4bcd + 4c3d− 6ad2 + 3d4)
+
β
6
(−3a2 + b2 − 4bc2 + 3c4 − 4bcd+ 4c3d+ 6ad2 − 3d4) = 0. (7.6)
By examining the integrability conditions (7.3), we find that solution with maximum su-
persymmetry is given by
a = d2, b = c2, c = 2d, (7.7)
for arbitrary values of L0, α, β.
7.2 Vacuum Solutions Without Fluxes
If we set c = d = 0, the solutions are simply
1) AdS3 × S2 : b = 3a, β = 6α, a = −L0
2α
,
2) AdS2 × S3 : b = 3a, β = 6α, a = L0
2α
,
3) Minkowski5 (7.8)
In this case, the maximally supersymmetric vacuum solution is just Minkowski5. Following
the procedure carried out in the spectrum analysis of six-dimensional higher derivative
chiral supergravity [33, 34], we study the bosonic spectrum of the perturbations around the
maximally supersymmetric Minkowski5 vacuum. We define the linearized fluctuations,
gµν = ηµν + hµν , L = L0 + φ, Cµ = cµ,
V ijµ = v
ij
µ , Bµν = bµν . (7.9)
The linearized Einstein equation and L field equation take the following form
(
L0 +
2
3 (β − 3α)✷
)
R(L)µν =
1
3 (β − 3α)∂µ∂νR(L) + L02 ηµνR(L) − ηµν✷φ+ ∂µ∂νφ,(7.10)
L0R
(L) = 2✷φ, (7.11)
where R
(L)
µν and R(L) are the linearized Ricci tensor and Ricci scalar. Inserting (7.11) into
the trace of linearized Einstein equation, we get
(
L0 +
2
3(β − 3α)✷
)
✷φ = 0. (7.12)
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This equation describes a massless scalar and a massive scalar with mass squared
m2 =
3L0
2(3α − β) . (7.13)
To simplify the linearized Einstein equation, we choose the usual De Donder gauge in which,
R(L)µν = −12✷hµν . (7.14)
Then using the (7.11) and (7.12), we find
(✷−m2)✷hµν = −2L−10 (✷−m2)∂µ∂νφ. (7.15)
Since φ can be solved from (7.12), the right hand side of above equation is known function.
The homogeneous solutions of above equation describe a massless graviton and a massive
graviton with a mass squared the same as that of the massive scalar.
Equations of motion for the remaining fields can be straightforwardly obtained by choos-
ing the Lorentz gauge for the gauge fields
(
L0 +
2
3(β − 3α)✷
)
✷

 cµ
bµν

 = 0, (L0 + 23(β − 3α)✷
)
vijµ = 0. (7.16)
In summary, for generic α, β, the full spectrum consists of the (reducible) massless 12+12 su-
pergravity multiplet with fields (hµν , bµν , cµ, φ, ψ
i
µ, ϕ
i) and a massive 32+32 supergravity
multiplet with ghost fields (hµν , bµν , cµ, φ, v
ij
µ , ψiµ, ϕ
i). At the special point where β = 3α,
the curvature squared terms in the action furnish the Gauss-Bonnet combination, massive
particles become infinitely heavy and decouple from the spectrum leaving only the massless
excitations as expected from the ghost-free feature of Gauss-Bonnet combination.
8 Conclusion and Discussions
Using the superconformal tensor calculus in five dimensions, we have constructed an off-shell
theory with four parameters
e−1L = LLR + ξLYM|σ=1 + αLRiem2 + βLσC2 |σ=1 + ζLρR2 |σ=1. (8.1)
The supersymmetric Gauss-Bonnet extended Poincare´ theory corresponds to the case where
ξ = ζ = 0 and β = 3α. Although the auxiliary fields do not propagate in this model, they
can be eliminated order by order in α. We obtain the on-shell theory of this model to first
order in α. The maximally supersymmetric solutions to the ordinary 2-derivative Einstein-
Maxwell supergravity are known including Minkowski5, AdS3×S2 and AdS3×S2. We found
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that these solutions are not modified by the inclusion of the higher-derivative interactions
proportional to α and β for arbitrary values. The spectrum of this theory around the
maximally supersymmetric Minkowski5 is determined. We show that the spectrum has a
ghostly massive spin two multiplet in addition to a massless supergravity and a Maxwell
vector multiplet. However, when β = 3α corresponding to the Gauss-Bonnet combination,
the massive spin-2 multiplet decouples.
Our off-shell model is ungauged and therefore does not admit AdS5 as a supersymmetric
vacuum solution. The gauging of our model should be interesting. A further question
is the matter couplings of this theory. Since neither “very special geometry” [35, 36],
nor “quaternionic Ka¨hler geometry” [29] arise naturally in our model via the gauge fixing
condition (4.1), it would be interesting to investigate how the scalars in the vector multiplet
and hypermultipet are constrained and what kind of geometries arise. Finally, we hope
to generalize our construction to D = 6, N = (1, 0) off-shell supergravity to derive the
supersymmetric completion of the Gauss-Bonnet combination in six dimensions.
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A Notations and Conventions
In this paper, we use the conventions of [26]. The signature of the metric is diag(−,+,+,+,+).
The SU(2) indices are lowered or raised according to NW-SE convention
Ai = εijAj , Ai = A
jεji, (A.1)
where ε12 = −ε21 = ε12 = 1. When SU(2) indices on spinors are suppressed, NW-SE
contraction is understood.
ψ¯γa1... anχ = ψ¯iγa1... anχi, (A.2)
where γa1...an is defined as
γa1·an = γ[a1γa2 ...γan]. (A.3)
Changing the order of spinors in a bilinear leads to the following signs
ψ¯iγ(n)χ
j = tnχ¯
jγ(n)ψ
i, (A.4)
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where t0 = t1 = −t2 = −t3 = 1. We also used the following Fierz identity
ψjχ¯
i = −14 χ¯iψj − 14 χ¯iγaψjγa + 18 χ¯iγabψjγab. (A.5)
The Levi-Civita´ tensor is real and satisfies
ǫp1...pnq1...qmǫ
p1...pnr1...rm = −n!m!δ[r1...[q1...δ
rm]
qm]
. (A.6)
Finally, the product of all gamma matrices is proportional to the unit matrix, and we use
γabcde = iǫabcde. (A.7)
B Multiplets of Five Dimensional Superconformal Gravity
In this appdendix, we give the SU(2) representations and Weyl weights of the fields appear-
ing in this paper.
Multiplet Field SU(2) reps. Weyl weight
Dilaton Weyl Multiplet eµ
a 1 -1
ψiµ 2 −12
bµ 1 0
V ijµ 3 0
Cµ 1 0
Bµν 1 0
σ 1 1
ψi 2 32
Vector Multiplet Aµ 1 0
λi 2 32
ρ 1 1
Y ij 3 2
Linear Multiplet Lij 3 3
ϕi 2 72
Ea 1 4
N 1 4
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